Introduction
Observation satellites are required extremely high pointing accuracy and stability to achieve various and complicated missions. For example, Fig. 1 shows the overview of Nano-JASMINE satellite 1) . Nano-JASMINE is developed by Nakasuka Laboratory at University of Tokyo and National Astronomical Observatory of Japan. Required stability for this satellite is 740 milli-arcsecond at 8.8 seconds 2), 3) . Fig. 2 shows the mission requirement for Nano-JASMINE in frequency domain.
Fig. 1 Overview of Nano-JASMINE
Reaction wheel assembly used as main actuator of an attitude control system can be a major source of disturbances.
Although vibration isolator for a reaction wheel assembly is required to attenuate a disturbance, a control torque has to be transmitted for an attitude control of a satellite. This paper introduces a new design method of vibration isolator for reaction wheel assembly. Proposed method is based on H-infinity formulation and optimizes not only parameters of vibration isolator, but also parameters of satellite's controller simultaneously. At first, numerical model of a parallel link isolator is formulated. Next, the formulations of new design method and constraint conditions are described. After that, results of numerical analysis and availability of proposed method are shown. Reaction wheel assembly used as main actuator of an attitude control system can be a major source of disturbances 4), 5), 6) .
Therefore, isolation of disturbances is one of the most significant issues in designing a precise attitude control system.
On the other hand, vibration isolator should transmit a control torque because a reaction wheel is used as main actuator for attitude control. This paper introduces the new design method that satisfies this trade-off.
Numerical Model of Vibration Isolator
Parallel link mechanism is known to achieve high rigidity and lightweight structure because of a truss construction. Therefore, parallel link mechanism is adopted in designing a vibration isolator in this study. Fig. 3 shows the concept of a parallel link isolator for reaction wheel assembly. Directional vector e i is written by elevation angle and azimuth angle as follow, . Then, following relation works out.
The equations of motion are written as follows: 
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The force and the torque transmitted to the satellite are calculated by 
Then, the transfer function, Gp, from disturbance force, torque and control torque to transmitted force and torque is written as follows:
Transfer function Gp is a function of some parameters of an isolator such as elevation angle, azimuth angle, spring constant and viscosity. Therefore, optimization method of these parameters is described in next section.
Design Method

Formulation
Vibration isolator is required to attenuate the disturbance caused by reaction wheel assembly. Meanwhile control torque has to be transmitted for an attitude control of a satellite.
Therefore, the satellite's attitude control law should be considered in designing a vibration isolator. Transfer function of a vibration isolator is described in previous section. In this section, the formulation of problems, including a satellite dynamics, an attitude control law and an isolator, is discussed. Fig. 6 shows the generalized plant in this study. Based on the H-infinity formulation, the transfer function from a disturbance to a controlled output, G zw , is written as follow:
In H-infinity control theorem, the controller, K Cnt , is designed so that H-infinity norm of this transfer function, G zw , becomes smaller than a positive constant γ . Therefore, the formulation is written as follows:
where |W zw | is weighting function. Design particulars in this equation are Gp and K Cnt . 
Constraint condition
The constraint condition for weighting function, |W zw |, can be derived by satellite's dynamics, mission requirement and designed value of reaction wheel disturbance. Yoshida et al 7) described pointing requirement analysis in detail. According to this reference 7) , constraint condition is derived as follows. At first, the acceptable value of attitude variation, a Sat , is derived from mission requirement in frequency domain,
Meanwhile attitude variation induced by reaction wheel disturbances is assumed as follows: Therefore weighting function |W zw | in Eq. (7) has to be designed larger than lower bound. Moreover, weighting function |W zw | is simplified to second order system in this study.
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Then, satellite's controller is designed by parameters of Eq. (11) and H-infinity design method. Optimization variables are parameters of controller and parameters of isolator. Table 1 shows optimization variables.
For example, Fig. 7 shows lower bound for satellite's controller derived from mission requirement, and weighting function of controller. Fig. 8 shows designed controller for attitude control of satellite. Thus, satellite's controller is designed from some parameters shown in Table 1 . H-infinity design method is useful for designing the robust controller. However, H-infinity design method doesn't take into account the time-domain constraint such as the maximum torque and settling time derived by mission requirement.
Therefore, designed controller should be confirmed whether the time-domain constraints are satisfied or not. In optimization loop, numerical simulation is used to evaluate the designed isolator. 
Optimization
Optimization variables are derived in the previous section.
Not only parameters of vibration isolator, but also parameters of satellite's controller should be optimized simultaneously because these variables interact each others.
SQP (Sequential Quadratic Programming) is adopted to optimize in this study. Fig. 9 shows flowchart of proposed 
Numerical Analysis
In this section, the availability of proposed method is discussed. Design condition of numerical analysis takes requirements of Nano-JASMINE for example. Required stability is shown in Fig. 2 , and maximum torque of reaction wheel is set 0.003 Nm.
Optimized transfer function for vibration isolator is shown in Fig. 10 and attitude stability is shown in Fig. 11 . In Fig. 11 , it is confirmed that attitude stability satisfies the mission requirement. Fig. 12 shows the time-history of control torque. In this figure, maximum torque is under the design condition (0.003 Nm). Proposed method designs not only the vibration isolator but also satellite's controller simultaneously. Therefore, this method searches for wider area than previous optimization method. As a result, it is confirmed that proposed method has availability in designing a vibration isolator.
Conclusion
Vibration isolator is required to attenuate the disturbance induced by reaction wheel assembly. On the other hand, control torque should be transmitted for an attitude control of a satellite. This paper introduces a new design method of vibration isolator for reaction wheel assembly. Proposed method is based on H-infinity formulation and optimizes not only parameters of vibration isolator, but also parameters of satellite's controller simultaneously.
When vibration isolator is designed by using proposed method, it is confirmed that designed isolator satisfies the mission requirements. Then, availability of proposed method is shown.
